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(57)Abstract: 

PURPOSE: To obtain a fuel electrode for a solid electrolyte fuel cell, of which 
a ceramic component has high conductivity and which can obtain a high power 
density. 

CONSTITUTION: One surface of a solid electrolyte plate in a self-standing 
flat plate type solid electrolyte fuel cell is coated with a fuel electrode which is 
made of a cermet material of metal nickel and scandium stabilized zirconia 
material. As a solid electrolyte plate itself, scandium stabilized zirconia is used 
to improve the efficiency in comparison with the conventional yttria stabilized 
zirconia. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] this invention relates to the material of the fuel electrode prepared in the plate surface of the solid 
electrolyte board in a solid oxide fuel cell (SOFC) in more detail about a solid oxide fuel cell (SOFC). 
[Description of the Prior Art] 

[0002] As a fuel cell, the phosphoric-acid type, the melting carbonate type, the solid oxide type, etc. are known according to the 
electrolytic kind better than before. The solid material which has ion conductivity instead of liquid material like phosphoric-acid 
solution or a melting carbonate as an electrolyte is used for a solid oxide fuel cell (SOFC) in it. 

[0003] And compared with other fuel cells, such as a phosphoric-acid type and a melting carbonate type, this solid oxide fuel cell 
(SOFC) has a good generating efficiency, and since exhaust heat temperature is also high, I hear that it can build the power 
generation system in which efficient use is possible, and it is capturing the spotlight especially in recent years. By the way, 
although not illustrated with the monotonous type thing generally shown in drawing 6 as a gestalt of this solid oxide fuel cell 
(SOFC), it is roughly classified into a cylindrical thing. Moreover, also in the monotonous type thing shown in this drawing 6 , 
the thing of the external manifold type shown in drawing 7 (a) and the thing of the internal manifold type shown in drawing 7 (b) 
are mentioned as a typical thing. 

[0004] If the structure of a solid oxide fuel cell (SOFC) shown in drawing 6 and drawing 7 (a), and (b) is explained briefly, the 
solid electrolyte board 30 will be inserted between the oxygen poles 20 where air touches the fuel electrode 10 which fuel gas 
touches, and it will come to prepare many single cells of the structure which formed Separator 40a and 40b in the outside of a 
fuel electrode 10, and the outside of the oxygen pole 20, respectively in the shape of a laminating over a layer. 
[0005] And in the solid oxide fuel cell (SOFC) constituted in this way, fuel gas (hydrogen, carbon monoxide, etc.) contacts a fuel 
electrode, and the air containing oxygen contacts an oxygen pole. And the oxygen ion (02-) generated on the oxygen pole moves 
in the inside of a solid electrolyte, a fuel electrode is reached, and in a fuel electrode, 02- reacts with hydrogen (H2), and emits 
an electron. The potential difference occurs between the fuel electrodes which become superfluous [ the oxygen pole which 
becomes insufficient / an electron / by this, and an electron ], and an electric flow arises. 

[0006] In this solid oxide fuel cell (SOFC), it becomes an element also with the important property of fuel-electrode material that 
the electrical property of solid electrolyte material affects the performance of a cell greatly from the first. As a property searched 
for as this fiiel-electrode material To say nothing of an electrical property, especially conductivity being important, further in 
addition to this, in order not to bar the contact to fuel gas and a solid electrolyte, and eccrisis of reaction generation gas 
Moreover, in order to make [ many ] the three phase interface (place where three phases of fuel gas, a solid electrolyte, and an 
electrode contact mutually) which is a reacting point, a chemically stable thing etc. is searched for from that it is porosity and 
fuel gas atmosphere. 

[0007] Nickel (nickel) is conventionally used abundantly from a viewpoint of the aforementioned conductivity and chemical 
stability at this fuel-electrode material. And in order to make this into porosity, it considers as the cermet which composite-ized 
with ceramics and was formed by baking, as ceramics, the yttria stabilized zirconia (Y203 Stabilized [ ] -- a common name is 
carried out to Zr02 and YSZ) is used abundantly That is, the fuel electrode currently conventionally used abundantly is a 
nickel-YSZ cermet. A zirconia (Zr02) makes the oxide of an yttrium (Y) dissolve as a means which prevents this capacity 
change since capacity change arises from a monoclinic system form in connection with the crystal structure changing to 
tetragonal system in high temperature (near about 1 150 degree C), and this yttria stabilized zirconia attains stabilization of the 
crystal structure. 
[0008] 

[Problem(s) to be Solved by the Invention] However, the fuel electrode using the yttria stabilized zirconia (YSZ) as a ceramic 
component had a trouble of a low (about 0.05-0.15 S/cm) in the conductivity of the YSZ material itself. For this reason, the 
following problems were produced in the solid oxide fuel cell (SOFC) using this. 

[0009] First, in order to make the conductivity as the whole fuel electrode high, you have to make the ratio of YSZ low. If the 
ratio of YSZ is made low, in the use process of SOFC, degradation of a fuel electrode with the passage of time will become 
remarkable. It is because weld of nickel will take place if there is little YSZ, since a fuel electrode is in a 800 degrees C - about 
1000 degrees C elevated-temperature state during use of SOFC. While the pore of a fuel electrode is plugged up by weld of 
nickel and the permeability of fuel gas becomes bad, the three phase interface which is a reacting point decreases, and a power 
generation performance falls. 
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[0010] Polarization if the ratio of YSZ is made high, since the conductivity as the whole fuel electrode will fall by the lowness of 
the conductivity, when passing current on the other hand is large, and the power generation performance of SOFC cannot be low 
overemphasized as a bird clapper. The nickel: YSZ ratio which can use a nickel- YSZ cermet as a fuel electrode from the above 
thing is restricted to about 4:6 very narrow range, and the power generation performance of SOFC is not so high to the 
composition within the limits. 

[001 1] The place which it is made in order that this invention may solve such a trouble, and is made into the purpose is to realize 
the solid oxide fuel cell which searches for ceramic material with conductivity high as a material, offers and has the fuel 
electrode of high conductivity and low metaplasia using this, and has a high power generation performance. And thereby, let the 
following effects be achievement plugs. That is, miniaturization of a system is attained by improvement in ** generated output 
density. 

** Make cell resistance small, improve a response characteristic, and attain the generating efficiency which was excellent as a 
result. 

** It can operate with a margin to generating power, and aim at reinforcement of a fuel cell, and achievement of lasting use. 
[0012] 

[Means for Solving the Problem] In order to attain such a purpose, this invention persons found out that the material of a scandia 
stabilized-zirconia (common name is carried out to Sc203 Stabilized Zr02 and ScSZ) system was excellent as a ceramic 
material of the fuel electrode in a solid oxide fuel cell (SOFC) rather than the material of the conventional 
yttria-stabilized-zirconia (YSZ) system, as a result of repeating experiment research about various material properties. Then, the 
summary of this invention has a fuel electrode in the solid oxide fuel, cell of the cellular structure which a fuel electrode is 
prepared in one side of a solid electrolyte board, and comes to prepare an oxygen pole in the field of an opposite side in being 
constituted by nickel-scandia stabilized-zirconia system cermet material. 

[0013] Furthermore, as for this fuel electrode, it is most effective to be applied to the so-called self-supported film monotonous 
type solid oxide fuel cell (SOFC), and it is prepared in the field of one side of a solid electrolyte board in that case by the 
so-called slurry coating method (it mentions later for details) etc. As a solid electrolyte material in that case, a yttria stabilized 
zirconia (YSZ) or a scandia stabilized zirconia (ScSZ) can be considered, or you may be other materials. In addition, an oxygen 
pole is established in the field of an opposite side, and lanthanum strontium comics NEITO (La (Sr) Mn03) is mentioned as an 
example as the material. 
[0014] 

[Example] this invention is explained in detail with reference to an example below. It is based on the manufacturing process view 
shown in drawing 1 , and the manufacturing process of the solid electrolyte board with which the introduction solid oxide fuel 
cell (SOFC) is presented, and the formation process of the nickel-ScSZ system cermet fuel pole concerning this invention formed 
in the one side are explained in order. In this example, it is supposed that a scandia stabilized zirconia (ScSZ) is used as a 
material of a solid electrolyte board. 

[0015] According to process drawing of drawing 1 , the powder particle of the zirconia (Zr02) which is the main material of a 
solid electrolyte board first, and the powder particle of the scandia (Sc 203) which is stabilizing material are mixed at the 
suitable rate of a compounding ratio. This mean particle diameter in the end of mixed powder is about 3 micrometers. Moreover, 
as a method of adjusting the mixed-powder end of a zirconia and a scandia, if liquid phase manufacture processes, such as a sol 
gel process and a coprecipitation method, are applied, the end of mixed powder where there are few impurities and they are 
uniform can be obtained. Zr02 The rate of a compounding ratio with Sc 203 of Sc 203 considering as about 8 mol %-15 mol % 
is good. 

[0016] Next, this end of mixed powder is fabricated to the board (about 20cm comer guard) of 100-300 micrometers of board 
thickness. As this forming means, a hydrostatic-pressure press (CIP) is used in this example, and it is 1 t/cm2. Pressing is carried 
out according to the press force. In addition, you may manufacture sheet metal by the doctor blade method and the 
calendering-roll method which are generally conventionally used instead of. [ CIP ] And this forming board is calcinated at the 
temperature of 1500-1700 degrees C after an appropriate time. The solid electrolyte board which consists of scandia 
stabilized-zirconia (Sc203 Stabilized Zr02) material which made the scandia (Sc 203) by this dissolve in a zirconia (Zr02) is 
obtained. 

[0017] And the nickel-ScSZ system cermet fuel pole concerning this invention is formed in one side of this scandia 
stabilized-zirconia (ScSZ) system solid electrolyte board. In formation of a fuel electrode, the powder particle of the metal nickel 
(nickel) which is the main material, the powder particle of a zirconia (Zr02), and the powder particle of the scandia (Sc 203) 
which is the material which stabilizes a zirconia are mixed at the suitable rate of a compounding ratio. Although this rate of a 
compounding ratio is about nicke!40wt% in general, various conditions (Zr02 : a nickekScSZ ratio and 20Sc3 ratio) are chosen 
so that it may mention later. This mean particle diameter in the end of mixed powder is about 3 micrometers. This is made into 
the shape of mud, and it applies to one side of this ScSZ system solid electrolyte board by the thickness of about 50 micrometers 
by the so-called slurry coating method, and calcinates at the temperature of 1400-1500 degrees C after an appropriate time. A 
thin film-like nickel-ScSZ system cermet fuel pole will be formed in one side of a ScSZ system solid electrolyte board by this. 
[0018] Moreover, the rear face of a ScSZ system solid electrolyte board is coated for example, with lanthanum strontium comics 
NEITO (La (Sr) Mn03) material by the thickness of about 50 micrometers. Similarly by calcinating this at the temperature 
around 1 150 degrees C, a thin film-like oxygen pole will be formed in the field of the opposite side of a ScSZ system solid 
electrolyte board. In addition, it is appropriate to consider as about strontium comics NEITO 5-15 mol % to 95-85 mol % of 
lanthanum comics NEITO as a rate of a compounding ratio of the material of an oxygen pole. The solid oxide fuel cell (SOFC) 
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cell which forms in one side of a ScSZ system solid electrolyte board the nickel-ScSZ system cermet fuel pole which starts this 
invention in this way, and comes to form an oxygen pole in an opposite side can be obtained. 

[0019] Next, since various experiments were conducted about the solid oxide fuel cell (SOFC) cell produced by doing in this 
way, these are explained. Since the power generation property as a solid oxide fuel cell (SOFC) of the nickel-ScSZ system 
cermet fuel pole concerning this invention and the conventional nickel- YSZ system cermet fuel pole was compared with 
introduction drawing 2 , the result is shown and it explains. 

[0020] The SOFC cell offered as a sample is 1 1 mol %Sc203-89 mol %Zr02. Each forms the nickel-ScSZ system cermet fuel 
pole of 50-micrometer **, or a nickel-YSZ system cermet fuel pole in the solid electrolyte board of 200-micrometer ** of 
composition. It is referred to as 40wt%nickel-60wt%ScSZ, and composition of a nickel-ScSZ system fuel electrode is 1 1 mol 
%Sc203-89 mol %Zr02 as composition of ScSZ further. It carried out. On the other hand, it is referred to as 
40wt%nickel-60wt%YSZ, and composition of a nickel-YSZ system fuel electrode is 8 mol %Y203-92 mol %Zr02 as 
composition of YSZ further. It carried out. And both are La(Sr) Mn03 of 50-micrometer ** in a rear face. The oxygen pole is 
formed. 

[002 1 ] In addition, current [mA] was shown in the horizontal axis among drawing 2 , voltage [mV] and power flux density 
[W/cm2] were shown in the vertical axis, and both were compared about the voltage characteristic and the power property. 
Consequently, using the nickel-YSZ system cermet fuel pole, when a nickel-ScSZ system cermet fuel pole is used, although it is 
the same, that a voltage value falls gradually as current value is raised, when the voltage characteristic is seen It turns out that 
high voltage [mV] is shown to equivalent current [mA] in the range with the rate of sag smaller [ the nickel-ScSZ system fuel 
electrode ] than a nickel-YSZ system fuel electrode, and larger current value than per about 700mA. Moreover, it also turns out 
that the voltage difference is so large that current is large. 

[0022] On the other hand, when a power property is seen, the thing using the nickel-ScSZ system fuel electrode shows the peak 
value of power flux density by 600-800mA, and with the current beyond it, the thing using the nickel-YSZ system fuel electrode 
shows the peak value of power flux density by 3 00-5 00mA to power flux density declining gradually. And although it was as low 
as about 1 . 1 W/cm2 in the case of the nickel-YSZ system fuel electrode and the nickel-ScSZ system fuel electrode was used to 
being about 1.2 W/cm2 when the power flux density of the peak period was a nickel-ScSZ system fuel electrode, it turns out that 
the peak value of power flux density with the direction higher than the thing using the nickel-YSZ system fuel electrode is 
shown. Moreover, although the nickel-ScSZ system fuel electrode of the rate of a fall of the power flux density after exceeding 
the peak value of power flux density was also smaller than the nickel-YSZ system fuel electrode and it used the nickel-ScSZ 
system fuel electrode, the direction shows always high power flux density [W/cm2] to equivalent current [mA] rather than the 
thing using the nickel-YSZ system fuel electrode. And it turns out that the difference of the power flux density is so large that 
current value is high. 

[0023] And rather than YSZ material, in the ScSZ material, resistivity becomes high from the experimental result shown in this 
drawing 2 at a low sake, and the conductivity as the whole fuel electrode is considered to be that from which the high power 
generation performance was obtained according to polarization when especially current value is high being small. Drawing 3 
shows the result which investigated the conductivity property and temperature dependence of these ScSZ ceramics by changing 
the rate of a compounding ratio of the scandia (Sc 203) in the scandia stabilized zirconia (ScSZ) which is the ceramic 
component of a nickel-ScSZ system fuel electrode, that is, changing the amount of dissolution of Sc 203. 

[0024] Temperature variable 1000/T [1/K] (K : absolute temperature) is shown in a horizontal axis, and the conductivity variable 
log sigma [S/cm] is shown in the vertical axis. Although the rate of a compounding ratio of the scandia in ScSZ (Sc 203) was 
variously changed to 8-15-mol %, it turns out that ScSZ of the amount of 8 mol % scandia dissolution is most excellent in a 
conductivity property as a result. Therefore, when the conductivity of the whole nickel-ScSZ system cermet fuel pole also uses 
ScSZ of the amount of 8 mol % scandia dissolution, it will excel most. 

[0025] and temperature variable 1000/T [1/K] - about - although a significant difference is not accepted in the conductivity 
property by the difference in the rate of a scandia compounding ratio (the amount of scandia dissolution) at the temperature 
which is or less 1.1 (K or less) grade — a temperature variable — 1 . 1 At the above (K or more) temperature, it is in the inclination 
for the fall of a conductivity property to be conspicuous as the rate of a compounding ratio of a scandia becomes high (i.e., as the 
amount It turns out that it is required to take into consideration the rate of a compounding ratio of a scandia from this according 
to the service-temperature environment of this solid oxide fuel cell (SOFC). 

[0026] Drawing 4 shows the relation between the conductivity in 1000 degrees C (1273K), and the rate of a scandia (Sc 203) 
compounding ratio (the amount of scandia dissolution) in ScSZ. It turns out that conductivity falls as according to this the 
direction with few amounts of scandia dissolution in the 8-15-mol range which is % has high conductivity and the amount of 
scandia dissolution increases. The amount of scandia dissolution can say that 8-1 1-mol the range it is [ range ] % is the most 
desirable. 

[0027] Moreover,, it is known for ScSZ and YSZ that coefficient of thermal expansion differs a little. Since the ScSZ electrolyte 
plate is used as a solid electrolyte board of a SOFC cell, by having used the- ScSZ ceramics which have a coefficient of thermal 
expansion equivalent to this also as a ceramic component of a fuel electrode, there will be few thermal strains and they have been 
managed with this example. 

[0028] Next, the 2nd example of this invention is explained. A YSZ electrolyte plate is used for this example instead of a ScSZ 
electrolyte plate as a solid electrolyte board of a solid oxide fuel cell (SOFC) cell. It is based on the same composition and same 
process as a thing of the 1st example of the above except it. In addition, composition of a YSZ electrolyte plate is 8 mol 
%Y203-92 mol %Zr02. It carried out. 
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[0029] Also about this 2nd example, since the power generation property as a solid oxide fuel cell (SOFC) of a nickel-ScSZ 
system cermet fuel pole and the conventional nickel-YSZ system cermet fuel pole was compared, the result is shown and 
explained to drawing 5 . Like drawing 2 , drawing 5 shows current [mA] to a horizontal axis, shows voltage [mV] and power flux 
density [W/cm2] to a vertical axis, and compares both about the voltage characteristic and a power property. 
[0030] Consequently, although it is same that a voltage value falls gradually as current value is raised, when the voltage 
characteristic is seen when a nickel-ScSZ system fuel electrode is used, and when a nickel-YSZ system fuel electrode is used 
High voltage [mV] is shown to equivalent current [mA] in the range with the rate of sag smaller than the thing [ direction ] using 
the nickel-YSZ system fuel electrode although the nickel-ScSZ system fuel electrode was used, and larger current value than per 
about 700mA. Moreover, the voltage difference is so large that current is large. That is, the voltage characteristic of the same 
inclination as the case of the 1st example is shown. 

[003 1] On the other hand, when a power property is seen, the thing using the nickel-ScSZ system fuel electrode shows the peak 
value of power flux density by 600-800mA, and with the current beyond it, the thing using the nickel-YSZ system fuel electrode 
shows the peak value of power flux density by 300-500mA to power flux density declining gradually, and when the power flux 
density of the peak period is a nickel-ScSZ system fuel electrode, they are about 1 . 1 W/cm2 ~ receiving - the case of a 
nickel-YSZ system fuel electrode - about - 0.8 W/cm2 It is low and the direction of a nickel-ScSZ system fuel electrode shows 
the peak value of power flux density higher than a nickel-YSZ system fuel electrode. Moreover, although the nickel-ScSZ system 
fuel electrode of the rate of a fall of the power flux density after exceeding the peak value of power flux density was also smaller 
than the nickel-YSZ system fuel electrode and it used the nickel-ScSZ system fuel electrode, the direction shows always high 
power flux density [W/cm2] to equivalent current [mA] rather than the thing using the nickel-YSZ system fuel electrode. And the 
difference of the power flux density is so large that current value is high. That is, the inclination as the case of the 1st example 
for a power property to be also the same is shown. 

[0032] And rather than YSZ material, in the ScSZ material, resistivity becomes high from the experimental result shown in this 
drawing 5 at a low sake, and the conductivity as the whole fuel electrode is considered to be that from which the high power 
generation performance was obtained according to polarization when especially current value is high being small. In addition, 
although it is [ the solid oxide fuel cell (SOFC) of the 1st example / property / power / the voltage characteristic and / as 
compared with the experimental result of the 1st example which showed the experimental result of drawing 5 to drawing 2 ] low 
a little, it is thought that this corresponds to the part generating power flux density which used the YSZ electrolyte with 
resistivity higher than a ScSZ electrolyte as a solid electrolyte board being low. Moreover, about the property of the ScSZ 
material itself which is the ceramic component of a nickel-ScSZ system cermet fuel pole, it cannot be overemphasized that it is 
equivalent to what was explained in the 1st example of the above. 

[0033] As explained to the detail above, since [ the nickel-ScSZ system cermet fuel pole concerning each aforementioned 
example ] the ScSZ material with conductivity higher than the YSZ material currently used from the former as a ceramic 
component of a cermet is used, there is little polarization when especially current value is large, and the solid oxide fuel cell 
(SOFC) excellent in the voltage characteristic and the power property can be obtained. Moreover, the ranges of the nickel: ScSZ 
ratio from which the cermet fuel pole of a right property is obtained since the conductivity of ScSZ material is high are latus. For 
this reason, since the fuel electrode of a high ScSZ ratio can be used, weld of nickel by the elevated temperature cannot take 
place easily, and it excels also in the long term stability of a fuel electrode. And since coefficient of thermal expansion is near 
when using a ScSZ electrolyte plate especially as a solid electrolyte board, there are few thermal strains also under an elevated 
temperature, and matching with an electrolyte plate and a fuel electrode is good. In addition, of course, various deformation and 
improvement can be given within limits which each aforementioned example does not limit this invention at all, and do not 
deviate from the summary. 
[0034] 

[Effect of the Invention] As shown in the various examples of an experiment above, the nickel-ScSZ system cermet fuel pole 
concerning this invention can reduce resistivity by having used the scandia stabilized zirconia for the ceramic component, and 
the high conductivity property which is not in the former is acquired. Therefore, polarization can be small and can improve the 
power generation performance of a solid oxide fuel cell (SOFC). Moreover, it can obtain without sacrificing conductivity for the 
thing excellent in the long term stability in the elevated temperature of the electrode characteristic, since an usable thing is 
obtained in the latus nickel/ScSZ composition range. Furthermore, when a ScSZ electrolyte is especially used as a solid 
electrolyte board of a SOFC cell, matching of coefficient of thermal expansion is good, and there are few thermal strains. 
Therefore, in the solid oxide fuel cell (SOFC) using this, large improvement in generated output density is achieved, it can have, 
and miniaturization of a power generation system can be attained, and many effects, like since cell resistance is small, and a 
response characteristic is well excellent in a generating efficiency and can operate with a margin to generating power further, 
reinforcement of a cell can be attained are done so, and the profitability on industry is very high. 
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-7 (Y 2 03 Stabilized Z r 0 2 , Y S Z til^f 

ffiJi. Ni-YSZt-^7K'M. dcO^yhUT 
^-ft^VL-n-rfi. i/Vl-n^T (Z 1-O2 ) tmi&g. 
(»115 0*Cfti£) T'#^ B B B »^^IE^- B B a ^^ B a H 1i 
20 Jt*^Wtf 4 i i: tcf^^rc ^mcittf*. tiikH. 
i.<?)S«SE^SI»<*^afc LT^f yMJ^A (Y) Oft 
flSft* H* $ *T tt A«Jt<03cgfl:S: 0 -5 ft t ^)T"ft 
4. 

[0008] 

[fgBJftW&LJ: 3 fc-TSilM] t^t=5:*^. ^yh 
'Jr^k^n-r (YSZ) S-b5 5-y^^«^i: 

* ^ ffiV^ (0.05-0.15 S/c m^S) t V^^r^m* 

30 m (SOFC) tts^t, tlToia^riajBi^t-c^ 

[0009] ff , ftSfifi^ftfc LT<OSW|sp^K<-f 

S?t«>Ktt. YSZ<7)it*2r(ft< L^r^mii'^^^^. 
YSZ^Jt**ffi<-tSt. SOFC(7)ftffljig(CfcV^ 

xmmm<vtmgit£>mi<%h . sofccosiw 

fiffi(±8 0 0°C~ 1 0 0 0"CggOiSiSlfc®fc:ft6Jt 
46, YSZ *>>^ t N i |^±<7)lt*^ei 4 *^ X'h 

40 ^ < ^ D , ««ttlfi*«fiTt 6 . 

[0610] Ysz<7)jt*^i«<-rii«i'. -eos 
#>mm.zffiix^z>tzcDftmtf*z<. sofco^ 

^Ni-YS Zlf-^ -y b Sr»4@t LTffifflt'^ & N 
i : YSZJt*«i4 : 6g&Offitf>T»5lrtfEfflfcRB<9 

^/c-e^ftRWellrttfc^-C^SOFC^mttlt 

[0011] iOj: a ^RIH^SrW^-f 4>t 

50 MzKZixtzhcox'fo*). zcomit-f&tz^te. m 
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®tixmmm<7)m^-ty$.v?Att®i&mi. zti 
m^xmmnm^mimnmmz m i , i p 

hzttehh. ZLXZMzX*). UT^ia^m^ 
®%M'9J] ! $Jx.<7) (o]± t J: D >v<? b fbS: 

[00 12] 

SZ ) 9K<7)«U d ^^.^y^r^bvvurj-r ( s 

c 2 03 Stabilized ZrOi, ScSZtlftfl.)^ 

comw. mtewsmmnm (sofo cc*jit-s> 

«mtB<0-t 7^7^ Aft® tlx &tix ^hztzs.^ 

muz, ^zx^mm^t, mnmumfrMz 

z&^jummnmimMmmmmmizm&Mtm 

hmMz* *offifiiztix^hzti,zh&. 
[ooi3] % h\,zz<mmmi. ^hfyh&iLm^w. 
mcomim.mnmmmmm (sofo tami 3*1*0 

l) %£t,zJ:->xmit>ti&{><VXh& . %<r)i%i$<Tm 

{mmmnt lt(±. i -v y y t^i^l-:? - r 
(ysz) ^^{ix^y^rsg-fL^i/rj-r (Scs 

ft, KttfflJoiSK{iiSSffi*>1Stt£>*u %mf-\t IX 
Ji. 7^>-xfnyfW?y^h (La (S 
r)Mn0 3 ) tf-Mt LX mf£>ti& <, 
[00 14] 

[ mmm ] mz*w&zr> \ ^x mm zm,ix mm 
zmtti . w>izmimtimmmmm (sofo 
iz&ztL&mfcmmnwxDmmxmt. zvfrwizBfc 
zix&^mmizm&N i - s c s z%&-* v vmm 

^■ciicKHj'ts. zcr>mmm±. m^mmvmm 

mt LXXl)V~JT : gmW)V?-T ( S c SZ ) Srffi 

m-thzbi LT^S. 

[o o i 5 ] hi ifitf % ttftcsflsHEBK 
^tttflTfti^^^yr ( s C2O3 ) cowsfsa^ t 
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it ZrOi tSc 2 03i: 
offi-&it4Mi. Sc2 0 3 #8 ; e/P%~1 5t;L-%^JSt 

[00 1 6] £<0fi£»*£«Wl 0 0-30.0 

l/Cti, i0^ifiWC{±»*Eru^ (C I P) 
^fflVitlt/cm' coffE^iOJnffiSJBl/O* 
S.S, CI P<9ftfr9fct£5l^S£JH^4>ft'0>.6K 
10 ? ?-7V- Kffi** U y^-n-;|/j£(c J; mUZM 
ftlXi>£\\ tlXlfrhtik. Z<nmM%l 5 00 
-17 0 or<offl*-cffiWt-r!>. ifitJ: nx^y^r 

( S c 2 0 3 ) 5- - T ( Z r 0 2 ) *WlJ§?-tiTt 
X^y^'TSS'fb^n^r (SC2O3 Stabilized Z 
rOi ) ttftfrttlfflWmflfflfitobtll. 
[0017] fLT> i^^y^rSSft'^a-T 
( S c S Z ) ^@*SJ)?ftlR^frlifK*JKBtfl5S N i 
- S c S Z&j—* 7 h«*ffii*»BK-f S. 

20 i ) tOSfcfegfr, y';l/3^7(Zr0 2 ) 

* l-t y>3 -r££5£ft$ s tm-ea hxtyyr 

( S c 2 0 3 ) <7)ffi*ft^ £jI3&iE^tt*Ti&£ir S . 
£<7)K£Jt¥<i«tfaN i 4 0wt%gj£T'*l>rt\ f*art 
fcJ^K^V^&fcfMNi : ScSZJt$SI/Zr 
Oz : Sc 2 03it$) i'MtRlX^l. Znm&S&W) 

¥#imm3ummmx'$>&> ztizmmzix^hty 
i,x5y-3-f-( y7mtz£ r )z<DScsz%mftm 
mm.<n>*mi<z 50 v. mgg^JfS tiil , 

1 4 0 0-1 5 0 O'CeoiSKTMfRI-l.^ ZtilzZ*) s 
30 c S Z jfi@ftlEJffiK««>tffitaiR«<ON i - S c S Z 

[ 0 0 1 8 ] S c S ZjmWSMWR0tmiiZ 

li. MUiyyfyx Yuv^^vijA-A Y (La 
(Sr)Mn0 3 ) 5 0 ^ mgjg(7)if $T*3— f 

^y^"-ri»<, <iii2-i 1 5o°cifa<7)?agT'Mfi!<:-ri>c: 

t t:i 0 . s c s z^H«c®Bii«<?5R*tffll^ffit:. |bI 

ffioff^ie-^it*t IXIZ. yy?y-?y#U Y9 
5-8 5t/U%^L, 7,hoyf>>A-7y^ h5 
40 -1 5*;U%gJKfct£*3#jg3TJ&.S. *»< LT*5g 
mzfch N i - S c S Z^Hf-^< 7 S c S Z 

%mfommnuvftmzBtfz § n . Bmrnummmv 
m^tix^mwmmmmmmm ( so fc > ^ 

[0019] 5 KLT ^S$ix^ilft;«B 

«M»4l:iffi (SOFC) -feyHco^-ca^OH^^rff 
* o X °Z ti h (co \ ^Ximt h . UJ«> t II 2 (c*!6 

0fltfi.|. N i - S c S Zjg-t-^ 7 h»4ffih^*<7)N 
i -Y s zjkf-M 7 h»4ffifccoS)*«IMM»m 

50 i(SOFC) i LT^fTt^tt^JtfxS-ff ^r,tz<DX 
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[00 20] &t£U:SOFC-fc/Ki. llt^Sc 
203-89 ; £;W%Zr02 OffllfcO 2 0 0 u mW.<rMfc 
WMWWLIC. Vvfill> 5 0jummcr>N i -Sc SZ^t 
•/ HRflfcifcttN i-YSZM-> -y UftBS 
£JBJ«U:fc£>-C*4. N i -Sc SZ^»4ffi^ffl« 
fi40wt%Ni-60wt%ScSZi:U KtScSZ 
<F>m$Lt LTlil lt7U%Sc20s-8 9^%Z r O 

2 i: Lit. n i -Yszm>fm<r>®miA o«t 

%Ni-6 0wt%YSZfcL. MtYSZfiOaMfcLT 10 
(i8^%Y 2 03-9 2*:/U%Zr02 tUc. -?"LT 
W#fci. &ffitfi5 0jumJIOLa (Sr)MnOs 
8S!5ffiiW&jRS*lT^4. 
[0 0 2 1 3 $. H24 1 . «ffSfc«?I [mA] 
HBttKWE [mV] &t*m*a?« [W/cra' ] £^ 

ttft, «E«ftt«:*>t«^t:«a[iSSr±ffTvK toil 

XnEMtf'&tlZi&TlX^KZbli. N i -Sc SZ 
-/ MSfl«£ffiV Ni-YS Z%&- 

* -y b®mmzm^fzFinxfoz>t)\ ni-scszs 20 

IffiWN i - Y S ZJRBBBffiJ: 0 fcHEffiToM 

<,iiJ:*700mA&fc9.J: 9 
^®lMX\ IPI^DlSa [mA] fcftLTS^lffi [m 
V] ^LT^Sifctf*)*^. l^llJ: 

[00 223 m^ttt^Jt-S-tN i - S c S 
ZjRflmffi*ffl^fctWJi6 0 0-8 0 0mAtlM 

fl&WSTf 4«0fc*tU N i -YSZjfljB&HSfcJB^fc 
i><7)(i300~500mA XWi%W.<V t°- ? ffi£ ^ L 30 
TV*4. ftT. *^K-?BfcA1IM&Ka«Ni-Sc 
SZ*fiSHflfeD*6-*Jj:-e 1 . 2W/c m*-C*6<0(CJt 

U N i -YSZ^ja^fflg^^-'fci-ei . lW/cm'. 
fciK< . n i -s c szjmm&ZmwziiWUtfN 
i - YSZ^»4ffiS:fflo/cicoj;Di.iS^m^jgo 

m*1&LXfrt>0)VJ}9tBe.to1BiTWM&l>N i - S c S 

z *«&£ffi<7«r# n i - y s z .k 9 i >N5 < . . 

N i - Sc SZ^MIs:.ik*^»JA ! N i - YS 
Z*«mffi*fflV^t«J:OtH*W«aE tmA] £*t. 40 

ixmz^m^m& [w/cm* ] £^lt^4. l ■ 

[00 2 33 ^LT. ^flD@2t^UfcHIWS*J:»J. 
S c S ZtmoJ-j^ffifiW^Y S Ztf®£ 0 fcffil Vfctf) 

i - S c S Z jftRSflfiO-fc y 5 -y ? X J&frT* .6 X # y 
i'7&feft&\'3-7 ( S c SZ ) 4"«0XXr>i/*T ( S 50 
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C2O3) tf)K£Jfc¥«:X*.. o4 "JSciOsOifiMfc 
^£4 9. CltfOSc SZ-te^S y^xozgt;* 

«rtt * ^^^fcW^fiNRfc^LT v*4 . 

[ 0 0 2 4 ] SlttfciBflSSftl 0 0 0/T [ 1/K] 
(K : iffeft&K) Jr^U. fflttKS^^Rlog <7 [S 

/cm] Sr^L-t^l). ScSZif^yyT (Sc 

2O3) <7)I£-£lt¥£8~l 

*<?Dtt*8 J E/U%X*y>'.riBSJI<0ScSZ 

3S s ftt»«*#tttft#lSik3& s *)35>l.. «e-o-C. Ni 

- s c s z?fc*)r-j. 7 hMft£ft?)>sl;* £> . sw 
xx^y^rmmicoscszim^uz^zm^ 

[00 2 5] -fLT. fflg^fcl 0 0 0/T [l/K] 
**tJ«t^ 1 . lOT (*s«fc*6 50KOT) SJKso&K 

l.l J*Lh (8J:*6 5 0KJ2U:) <Qffl£m*;&y> f 

mmAtmtiz^tixmmmm^i&T^S^^mmz 
* 4 . cco^tiD^ <0HftWBM«Prti?ft ( sof 
C ) <0t6fflfflJJKIWItJ:o-CX*y>'*7c0E-&Jt**# 
ttthzt tf&B-Ci) hZ.b Wbfrh . 

[0026] !4Ji, 1 0 0 0"C ( 1 2 7 3 K ) tfcft 

hmw^t s'csz ^^^^ ( s c 2 03 ) is-s-jt 

$ (X^y>-'7BI?§4) i:C0WfS&*Lfct><0T&6. 
^ixtci hbjxf) V ^'711)15^8- 1 5 ^%coie 
HT"^"Sr v ^WWSjW* < . ^ * y ^TH»**<^ < 

7888*35*8-1 l^%<0«H*«fitjff4 U^fcWi 

[0027] ScSZtYS ZkX'imWm^tf 

«=FIWr * i i: *%1 4> itr ^4 . £ ^5ttt«T« SOF 

CH:/KOll*ti«««i: USc SZ«fi?|Cfi£ffifflL 

ix£fflW?>mWffi%m~f& S c SZ*7 5 v9X*& 

m itiz t izx Y )BM.m-t£< x mAsX-^h z b fc$r 

I). 

[ 0 0 2 8 3 »:t. *»Wo»2<?^lflS0lt:ov^-C3lBH 

£^)IUS<Wi. m*«»«S»4€?t!i (SOF 
C ) -t;K0fflfWWWRfc L-T. S c S zmsi^ROft 

ti . friES 1 commmcT) h^b mmm&mmm^ x 

4ttf)-Cfc4. YSZSfl?Mfi«aiS;{i, 8^% 
Y2O3-9 2 ; £/l/%Z r0 2 b Lfz. 
[002 9 3 Zc7)M2<Dmmmter>^Xi>. Ni-Sc 
SZ»^7 MSHffi:fl£*<0N i - YSZjSf-> 

•y b coffitkmmnmimmm (sofo t l 
Lxmm-th. m5{tm2bm«. tuctsttmA] 

Sr^L. W:lE[raV] XtrojafJ* [W/cm 
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[0030] -tOlSS. «BE«ptt**Jt«^{c«aEliS' 
±{f X ^< kitlxmEEMtfUt* fcffiT L-T n< i t 
fcL N i - S c S ZiMffiffi^fflV^fila'&N i - Y S 
ZjRBSflfiSrffl^fe^tRiai-CftS* 4 . Ni-ScS 
Z^^£ffllvfci©4)2ra«N i -YSZ#*SRffi£ 
ffiivt itf>«fc "9 t>*EffiT0>8'J£a t >h$ < . fcj:* 7 0 
0 m A htz 0 J: D «8MW*:*: S v ^ieffl-C- . KtPOSS 

[mA] C*fLT«VVtffi [mV] Sr^LTHS. 
«SE*«^: £ n« 1" ^-cO«E^*^ # ^ . fiP*> , 35 1 ggft 

[00 3 1] -2r. *#»tt£#fc*£fcN i - S c S 
Z»fl&BS&JflV>fcitf>Ji6 0 0-800mAtlM 

so t - > msttf l , mj±cDm%x*m« mm 

mH&f-fh^znL. N i -YSZ^fl&flffifcJflVvfc 
i,c0«i3 0 0-5 0 0mAt'B^^a<7)f-7ffl2r^L 

-o^ . -?• lt . ^tof-^^m^^N i - s c 

S Zlffllflil^W 1 . 1 W/c m*-CftStf)K*t 

u n i -Ysz&mmmcom-stsxz o.sw/cm 

2 tffi<. N i - S c S ZMfffi^fr'N i - Y S Z 
IMSi "5 i K ^«fl«*tf> t °- ? fit £ jj* LT 4 . 

TOS'l-^-t N i — S c S Z^dffffi^^N i - Y S Z 

*flm*«fc o fc/hs < , n i - s c s z&mmzm^ 

Dm A] fcWLT«(CilSV^*« [W/c 
] £^LT^4. L^tmSffi^'iSWJt'-?-?)^ 
®%cr>£tf* £ V \ IP ^ . m^tt i g 1 HttW<0%& 

[0032] -f- LT. i«ia5t:*Lfc|SI^««J:"5, 
S c S Zttmn-ftWmsi&WY S Zfffi i 0 £>ffi^£#> 

»ut Sfcfcttifl-flfoMv&ni tfcj: 0. Kv^fiUtt 

*MttS»tia2{C7nL.fcJB 1 H3tW<0UK»S*i:itlW 
St, «BEfttL *Mrttt<>fc. JBlggffcfflaSfrS 
jRK£!ftft«% (SOFC) tit^T^^Fffiv^. ift 
SfWSJMHSfc USc szmfllif J: 0 i.ffifii*0 

s^y sz«B»*fflv^«±»j?eai35<ffiv^ tiz 

W6tli>0>b&*>tLl>. Ni-ScSZIt- 
* •/ h»«>-te 5 5 -y IXtiVftX'hh ScS Zfffig 

«K0»tttov^tt. friess i mmmx-mm uz int 

nmx-hh z t (±^a £x-i> %\,\ 

[0033] a±mmmmuzx o mmmmm 

|:KNi-ScSZM->7 
bCD-ty*iv?Xf&ftkLX. ffifflSftX^S 

Ysztt®±>ommm<7)ft^scszmi$:mtiz 
t t ifzcr>x\ mz^m^^t * taitsfl-ffia* 



(5) WHPP7-6 7 68 

8 

Sm*(SOFC) £f#6it#T'#4. i?z. ScS 
Z»4<7)^«$ **S V * i t *» #> . a*$tt<W-.X -y h* 
ffflM#6il4Ni : ScSZJt^&ffltf/StV, I« 
£*\ fin S c S ZJt*«ffiS&{£fflT'# Sit** 
h , ffiflC «fc £ N i (7)lf*>'e: "5 C < < > 

L"CScS Z«BWRS-ffifflt*»^CJi, 

io 5g-ri>t<7)-c^<. ^comm^mmL^^mmza^ 
xm«e>$m ■ vi&zmLd &z ti±hh?>A,x'hh. 

[0034] 

immm a^^mmmm^ucXo^z. *%,w 

fc$!> N i - S c S Z •:/ hM®±s t5iv 

(SOFC) Outfit [S]±"t 4 i b-tfX' 
tz. SV^N i /S c S ZfflSg;^HT"figffl^^itfO* s # 

mzSOFC^VffMW^MWRbLXScSZn. 

(sofc ) fctjv^Ttt. »mm^^s^»i6]±*i 

HA-ft.. t-j-C^Sv-^rAconyy^ Mb 5:111) it 

tit *»^> m»<o^nfirtbwaix6*o^< <^%^m 

[Hffi^#^iKBfl] 

[01] ^fSWcfSI. N i - S c S Z%tf-X -/him 

mmztizxmizmfctmfammitmmmxim 
xt>i. 

[02 ] **BBtffi* n i - s c s zm--x v htm 
mbm$^-mz%at>tix^&N i -ysz^-^ vh 
mmbnMm.Mnwmmmiz&vmmmtT- 
?<n)mz^Ltzmxhh> 

[03 ] *%.Wizi%l ScS zmf5?M^«S*WtttM 
40 th&Z&ft®cOT-7Z^UzmX'h&. 

[04] 03K^L/S*»BBt:ffi4Ni-ScSZ3R-9- 
v hflSflfitfHfcft-C** ScS Ztm<^) 1 0 o or 
( 1 2 7 3 K ) KfeftiSIWSr^^yyriBlfttO 
Sflir-^ t LtS LtBf ft * . 
[05] *56ffleo*2gdSMtcfl6SN i -ScSZlt 
-X / b«Sfl«tfle*HIMC»^<xT^4N i - YSZ 

[06 ] ^*-^t»A,ixl.TOSOEl#«g|«M»4 
50 tlffi (SOFC) <?)m-b;Hf JSO-W2:^ L^0Tft 
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